BACKGROUND: Despite a radical surgical approach to primary retroperitoneal sarcoma (RPS), many patients experience locoregional and/or distant recurrence. The objective of this study was to analyze post-relapse outcomes for patients with RPS who had initially undergone surgical resection of their primary tumor at a specialist center. METHODS: All consecutive patients who underwent macroscopically complete resection for primary RPS at 8 high volume centers from January 2002 to December 2011 were identified, and those who developed local recurrence (LR) only, distant metastasis (DM) only, or synchronous local recurrence and distant metastasis (LR1DM) during the follow-up period were included. Overall survival (OS) was calculated for all groups, as was the crude cumulative incidence of a second recurrence after the first LR. Multivariate analyses for OS were performed. RESULTS: In an initial series of 1007 patients with primary RPS, 408 patients developed recurrent disease during the follow-up period. The median follow-up from the time of recurrence was 41 months. The median OS was 33 months after LR (n 5 219), 25 months after DM (n 5 146), and 12 months after LR1DM (n 5 43), and the 5-year OS rates were 29%, 20%, and 14%, respectively. Predictors of OS after LR were the time interval to LR and resection of LR, while histologic grade approached significance. For DM, significant predictors of OS were the time interval to DM and histologic subtype. The subgroup of patients who underwent resection of recurrent disease had a longer median OS than patients who did not undergo resection. CONCLUSIONS: Relapse of RPS portends high disease-specific mortality. Patients with locally recurrent or metastatic disease should be considered for resection.
INTRODUCTION
Surgery is the mainstay of curative treatment for retroperitoneal sarcoma (RPS), yet a significant proportion of patients experience locoregional and/or distant disease recurrence. Mortality from RPS is predominantly due to local failure, with up to 75% of deaths occurring in the absence of distant metastasis (DM). [1] [2] [3] Improved local control has been achieved with extended surgical resection, 4, 5 with evidence suggesting a corresponding survival benefit. 6 However, tumor biology remains one of the major determinants of long-term outcomes. [7] [8] [9] [10] To date, there are minimal data to guide treatment decisions when a patient with RPS develops recurrent disease. An understanding of the consequences of disease recurrence is vital in deciding upon an appropriate management strategy.
The Trans-Atlantic RPS Working Group was established in 2013 as a multi-institutional collaboration of high-volume specialist centers, as a means of improving the understanding of this family of diseases. In a combined series of 1007 patients treated over a contemporary 10-year period at 8 institutions (the largest RPS experience reported to date), we examined patterns of recurrence after resection of primary RPS as a function of histologic subtype and institutional management strategy. 11 Differences in surgical and adjuvant/neoadjuvant strategies were associated with significant variation in the rates of local recurrence (LR) for specific histologic subtypes.
In the current study, we examine in depth the subset of patients who developed recurrent disease, including both local and distant failures, to determine the consequences of relapse and to better understand the natural history and disparate biological behavior of RPS. A major question has been the outcomes following resection of recurrent RPS, which we describe here with our large combined experience.
MATERIALS AND METHODS
Patients included in this series were treated at one of the following sarcoma centers: All consecutive patients who underwent surgery for primary localized RPS between January 2002 and December 2011 were identified using prospectively maintained databases from each site, after approval of the study protocol by the appropriate institutional review boards. Patients with Ewing sarcomas, alveolar/embryonal rhabdomyosarcomas, desmoid fibromatosis, gynecological sarcomas, or gastrointestinal stromal tumors were excluded. From that series of 1007 patients, those who underwent macroscopically complete resection of the primary tumor and subsequently developed recurrent disease at any time during the follow-up period were included in the current study. These patients were grouped into 3 cohorts according to the site of recurrent disease at the time of first recurrence: LR only, DM only, or both (synchronous local recurrence and distant metastasis [LR1DM]). Our previous publication reported outcomes after initial resection for the entire series of 1007 primary RPS patients 11 ; the current article focuses on management and outcomes in the subset of patients who experienced recurrence (n 5 408).
The completeness of resection of the primary tumor was classified dichotomously as macroscopically complete (R0/1) or incomplete (R2) according to the operative and pathology reports. Patients who underwent incomplete (R2) resection were excluded from the current study. Decisions regarding adjuvant/neoadjuvant therapies in the treatment of both primary and recurrent disease were made at the discretion of the treating oncologists after multidisciplinary discussion. Chemotherapy was administered according to standard regimens or within the context of clinical trials. External beam radiation therapy was delivered in doses of 36 to 65 Gy (median dose 50 Gy), typically in the preoperative setting for both primary and recurrent disease. Patients were selected for resection of recurrent disease after careful consideration of patient and tumor factors by the multidisciplinary specialist teams at the treating institutions. Resection of recurrent disease was performed with the goal of achieving macroscopically complete resection.
The following histologic subtypes were included: well-differentiated liposarcoma (WDLPS), dedifferentiated liposarcoma (DDLPS), leiomyosarcoma (LMS), undifferentiated pleomorphic sarcoma, malignant peripheral nerve sheath tumor, solitary fibrous tumor, and other sarcomas. The latter 4 subtypes were grouped together for the purposes of multivariate analysis because of their relatively small numbers. The 3-tiered grading system of the French National Federation of the Centers for the Fight Against Cancer (FNCLCC) was applied by local pathologists at all of the contributing centers. 12 Postoperative surveillance regimens included clinical examination and computed tomography or magnetic resonance imaging of the chest/abdomen/pelvis every 3 to 4 months for 2 years, then every 6 months for 3 years, and yearly thereafter.
Statistical Methods
The primary study outcome was overall survival (OS), which was defined as the time from relapse to death from any cause. Disease-specific survival was reported
Original Article as a secondary outcome. Time was censored at the date of last follow-up for patients who were still alive. OS curves were estimated with the Kaplan-Meier method and compared with the log-rank test. Crude cumulative incidence (CCI) curves of second events (LR or DM) after LR were calculated in a competingrisk framework.
Multivariate analyses were performed with Cox regression models. The time from the initial surgery to the first recurrence was modeled as a continuous variable with 3-knot restricted cubic splines to obtain a flexible fit. 13 All other variables were modeled as categorical using dummy variables.
Statistical analyses were performed with SAS (SAS Institute, Cary, NC) and R software (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Of the 1007 patients who underwent resection for primary RPS, 408 experienced disease recurrence. The initial site of recurrence was local only (LR) for 219 patients, distant only (DM) for 146 patients, and both local and distant (LR1DM) for 43 patients. Demographic, clinicopathological, and treatment details are shown in Table 1 .
In the cohort of patients whose initial site of recurrence was local only (LR), the predominant histologic subtype was liposarcoma (LPS; 80%). The majority had tumors of intermediate or high grade (75%). The median time from the initial resection to LR was 23 months. Resection of LR was performed in 105 patients (48%), and chemotherapy and radiotherapy (RT) were administered to 68 (31%) and 39 patients (18%), respectively. For the cohort of 219 patients, the median followup from the time of the initial primary resection was 76 months, and the median follow-up from the time of LR was 37 months. The median OS after LR was 33 months, and the 5-year OS was 29% (95% confidence interval [CI], 21.8%-39.6%; Fig. 1A ). Significant independent predictors of improved OS were a longer time interval to LR and resection of LR (Table 2 ). There was a trend toward significance for lower grade and for the treatment of LR with RT.
Survival for the group of patients who underwent resection of LR versus the group that did not is depicted in Figure 2A , which shows median OS of 49 and 20 months, 2-year OS of 73% (95% CI, 64.5%-83.0%) and 43% (95% CI, 33.6%-55.5%), and 5-year OS of 43% (95% CI, 32.5%-57.7%) and 11% (95% CI, 3.8%-31.5%), respectively (P < .0001). The CCI of further LR for the 105 patients who underwent resection of LR was calculated to be 40% (95% CI, 30.1%-51.8%) at 2 years and 58% (95% CI, 47.5%-71.8%) at 5 years. The CCI of DM in this group was 12% (95% CI, 6.8%-20.9%) at 2 years and 16% (95% CI, 9.4%-27.2%) at 5 years (Fig. 3) .
DM (n 5 146)
The majority of the patients who developed DM as the first site of failure had LMS (53%), whereas 27% had LPS (almost all DDLPS). The vast majority of the patients in this cohort had tumors of an intermediate or high grade (93%). The median time from the initial resection of the primary RPS to DM was 12 months. Resection of DM was performed in 53 patients (36%), and chemotherapy was administered to 75 (51%). The median follow-up from the time of the initial primary resection was 59 months, and the median followup from the time of the detection of DM was 42 months. The median OS after DM was 25 months, and the 5-year OS was 20% (95% CI, 12.5%-32.3%; Fig. 1B ). Significant independent predictors of improved OS were a longer time interval to DM and LMS histology (Table 2) , and resection of DM approached significance (P 5 .0668). Resection of DM was a significant predictor of improved disease-specific survival (P 5 .035; Supporting Table 1 [see online supporting information]). Survival in the group of patients who underwent resection of DM (n 5 53) was longer than in patients who did not (n 5 93), with median OS of 29 and 21 months, 2-year OS of 65% (95% CI, 53.1%-80.1%) and 43% (95% CI, 33.4%-56.2%), and 5-year OS of 34% (95% CI, 21.8%-53.1%) and 11% (95% CI, 4.1%-27.9%), respectively (P 5 .008; Fig. 2B ).
LR1DM (n 5 43)
The histologic profile of this group (51% DDLPS and 23% LMS) was a composite of the 2 extremes represented by the LR and DM groups. The median time from the primary surgery to relapse was 7 months. Ten of the patients underwent resection: both local and distant sites in 5, LR only in 4, and a distant site only in 1. For the group of 43 patients, the median follow-up was 70 months from the initial primary surgery and 65 months from the detection of recurrence; the median OS was 12 months (95% CI, 7-18 months), and the 5-year OS was 14% (95% CI, 6.5%-31.8%; Fig. 1C ). Patients who underwent resection of recurrent disease (n 5 10) had longer survival than patients who did not (n 5 33) with median OS of 28 and 11 months, 2-year OS of 50% (95% CI, 26.9%-92.9%) and 14% (95% CI, 5.2%-35.7%), and 5-year OS of 30% (95% CI, 11.6%-77.3%) and 9% (95% CI, 2.6%-31.7%), respectively (P 5 .04; Fig. 2C ). Given the small number of patients in this group, multivariate analysis was not performed.
DISCUSSION
This series of 408 patients from the Trans-Atlantic RPS Working Group represents the largest experience of recurrent RPS published to date. In the original description of 1007 consecutive primary RPS patients treated at high volume specialist centers, we reported a 5-year OS of 67%. 11 The data that we present here confirm that survival following recurrence of RPS is poor: the 5-year OS was 29% after LR, 20% after DM, and 14% after LR1DM. Although 10-year post-relapse follow-up has not yet been reached, it is anticipated that OS after LR will continue to decline over time, as the risk of LR persists long term and survival with recurrent disease can be prolonged. In the original series of 1007 primary RPS patients, the CCI of LR was calculated to be 35% at 10 years versus 26% at 5 years. In contrast, the CCI of DM was 22% at 10 years versus 21% at 5 years, indicating that the risk of distant failure plateaus roughly 5 years after primary resection, with the resultant possibility of long-term survival or possibly cure. Thus, the better prognosis associated with LR versus DM that we have shown here may be diminished with longer follow-up.
The management of recurrent RPS is complex and requires multidisciplinary evaluation and planning. Resection of recurrent disease offers the only possibility of long-term survival and can result in prolonged OS for carefully selected patients. [14] [15] [16] [17] A recent report of treatment for recurrent or residual RPS detailed selection criteria for resection and noted that the development of concomitant LR and DM, multifocal recurrence, poor performance status, and technical unresectability were all considerations in determining which patients might benefit from operative management of disease failure. 18 An earlier collaboration between 2 of the participating centers in the current series suggested that after extended resection for primary disease, the benefit of reoperation for LR may be limited. 19 However, this was based on a small number of patients. In the current study of a much larger cohort, we demonstrate a significant association between resection and survival for patients with locally recurrent disease. The association was less pronounced for resection of metastatic disease because the cause of death in this cohort was more widely varied, but resection of DM was significantly associated with improved disease-specific survival. Patients selected for surgery in this series tended to be younger, and were more likely to be female and to have had a longer interval between the resection of their primary tumor and the detection of recurrence (Supporting Tables 2-4 [see online supporting information]). In the LR group, selection seemed to favor WDLPS histology and lower grade tumors. Since surgery is generally offered to patients with a better performance status and favorable tumor biology, the survival benefits demonstrated may reflect these variables as much as the treatment itself. Even so, the current data indicate that resection of recurrent RPS in well-selected patients can be associated with prolonged survival and should be considered.
Given that the possibility of cure after recurrence is low, it is important to carefully consider the potential morbidity of reoperation in the individual patient. At the centers represented in this study, a relatively conservative approach is taken to resection of recurrent RPS after an extended primary procedure, in that the aim is to excise the recurrent tumor and directly invaded organs, rather than performing a wider excision as might be done for primary RPS. As far as we are aware, no published study has specifically addressed the morbidity of resection for recurrent RPS, but it could reasonably be anticipated to be at least on par with other major abdominal procedures such as distal pancreatectomy and segmental colectomy. Importantly, the incidence of further recurrence after resection of the first LR is substantial. In our series, 58% of patients developed a second LR within 5 years and 16% developed DM. However, 24% of patients who underwent resection of the first LR remained persistently disease-free at the 5-year time point, albeit with an ongoing risk of late LR. The likelihood of curing patients with recurrent disease is low, but in appropriately selected patients long-term disease control can be achieved, warranting the risk of morbidity in patients with good performance status.
The selection of patients for reoperation should also take into account tumor biology. The latter has been previously estimated on the basis of tumor growth rate. 3 In the current study, as in others, 20 the time interval to disease recurrence correlated significantly with subsequent OS, which reflects a combination of favorable biology and patient selection for aggressive treatment. Histologic subtype is an important predictor of the pattern of recurrence and is also predictive of OS, as shown in our original series of 1007 patients as well as another large, contemporary series. 21 In keeping with other published literature, we found that the importance of histology was diminished after LR, but it remained a significant predictor of OS in the context of DM. This is likely attributable to the preponderance of LMS among patients with DM because this histologic subtype represents more of a systemic than a local threat, and to the availability of multiple lines of chemotherapy and biological agents active against LMS. In contrast, the systemic treatments available for LPS are less numerous and effective, so patients with metastatic LPS have a poorer outcome. Retroperitoneal LPS is primarily a disease of local failure, as clearly shown by the experience we report here as well as others. 1, 2, 14 Because of this pattern of recurrence and the paucity of effective systemic therapies for LPS, it is apparent that local control should ideally be pursued at the time of primary treatment, with careful attention to the quality of the resection.
Local control may be optimized not only by extended primary resection but potentially also by the delivery of preoperative RT. Nonrandomized observational studies have suggested that RT may improve local control; this hypothesis is being examined in an ongoing international randomized clinical trial. 22 In the experience that we report here, it is possible that differential use of RT contributed to the pattern of local versus distant failure. Of the patients who developed DM, 45% received RT as part of their primary treatment, compared to only 26% in the LR and LR1DM groups. The latter group had particularly poor outcomes, with a 5-year OS of only 14%. It is possible that this group harbored the same unfavorable biology as the DM group but with inferior local control, and that this precluded resection as a treatment option.
Although we acknowledge the limitations of a retrospective study, our results support a role for resection of locally recurrent or distant metastatic disease in carefully selected patients, while highlighting the poor prognosis associated with the recurrence of RPS, whether or not the patient undergoes resection. A consensus guideline on the management of recurrent RPS has been published by the members of the Trans-Atlantic RPS Working Group with the goal of helping to guide decision making for this complex disease presentation, 23 and a prospective registry has been established to improve the quality of evidence going forward.
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